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EXECUTIVE SUMMARY

In response to the California Vehicle Code section 21651.1, the California Department of
Transportation (Caltrans), in consultation with the California Highway Patrol (CHP), has prepared
this preliminary report to the Legislature as an update to the June 1989 report “Prevention of
Wrong-Way Accidents on Freeways.” Caltrans will submit a final report to the Legislature by
July 1, 2016.

The rate of fatal wrong-way collision on California state freeways and expressways is
significantly less than was observed during the 1960s when Caltrans began taking programmatic
action and is less than half of what was observed when Caltrans last reported to the Legislature in
1989. This rate has remained relatively stable since 1995 at approximately 23 fatalities per year on
average. The number of wrong-way collisions in the first half of 2015 appear unusually high,
particularly in Caltrans Districts 3 (Sacramento) and 11 (San Diego). In eight out of the nine
wrong-way collisions on Sacramento and San Diego area freeways in 2015, driving under the
influence was a contributing factor. One collision is still under investigation as to whether driving
under the influence was a contributing factor.

Implemented in 1985, the Caltrans Wrong-Way Monitoring Program has been successful in
reducing the number of wrong-way collisions on state facilities. An annual Wrong-Way Monitoring
Program Report, including a checklist for wrong-way entry review, is prepared to identify and
investigate locations that may warrant corrective action. District Traffic Safety Engineers
investigate and provide their recommendations for safety improvements using engineering
judgment. The checklist has been updated over the years with the latest version referencing the
2012 California Manual on Uniform Traffic Control Devices (2012-CAMUTCD).

The CHP has been focused on combatting the wrong-way driving problem by education and
enforcement. The CHP dispatch centers handle 911 telephone calls and quickly dispatches calls
regarding wrong-way drivers to the CHP and allied agencies with updates as they are received from
callers, primarily through cellular phones. Many CHP dispatch centers are part of a collaborative
Traffic Management Center shared with Caltrans and include real time video screens for traffic
monitoring. Cellular phones and closed circuit television (CCTV) cameras are two technologies
widely used today that were not available in 1989.

Caltrans and the CHP began a wrong-way driver working group in May 2015 to discuss
potential options/methods to combat wrong-way drivers. The CHP provided traffic collision
information from recent wrong-way traffic collisions. Evidence shows wrong-way traffic collisions
are not specific to any location or off-ramp, therefore, the working group has proposed pilot projects
in Districts 3 and 11. The pilot projects are expected to be operational in 2016. Further information
on the pilot projects can be found in Appendix D. A separate, auxiliary research project will be
conducted by Caltrans’ Division of Research, Innovation and System Information (DRISI) to study
the effectiveness of the pilot project enhancements with before and after studies.
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Traffic engineers from several states were surveyed to review current practices with the
potential to reduce the number of instances of wrong-way driving on state highways. The final
report will categorize these current countermeasures by their use and effectiveness. Since the 1989
report, Caltrans has completed its evaluation of the red, airport-type pavement lights as
recommended, and has ceased using them due to significant reliability and maintenance issues.

Caltrans and the CHP will continue to gather data, information from other states and
nongovernmental agencies, and findings from pilot and research projects. The final report will
include findings based on these efforts and a plan to incorporate new, effective countermeasures into
the Caltrans Wrong-Way Monitoring Program.
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I BACKGROUND

Requirements of Assembly Bill No. 162

read:

Assembly Bill No. 162 amended the California Vehicle Code by adding Section 21651.1 to

21651.1. (a) The Department of Transportation, in consultation with the
Department of the California Highway Patrol, shall update the June 1989 report
entitled “Prevention of Wrong-Way Accidents” prepared by the Department of
Transportation pursuant to Chapter 153 of the Statutes of 1987. The update shall
account for technological advancements and innovation since publication of the 1989
report and shall include a review of methods studied or implemented by other
Jurisdictions, including state or local agencies within or outside the state, and methods
studied by nongovernmental entities to prevent wrong-way drivers from entering state
highways. A preliminary version of the updated report shall be provided to the
Senate Committee on Housing and Transportation and the Assembly Committee on
Transportation on or before December 1, 2015, and the final report shall be provided
to those committees on or before July 1, 2016. The report shall identify any
additional treatments and technologies with the potential to reduce the number of
instances of wrong-way driving on state highways and shall include a plan to
incorporate those treatments and technologies into the Department of Transportation’s
wrong-way monitoring and mitigation program for the state highway system.

(b) This section is repealed on January 1, 2021, pursuant to Section 10231.5
of the Government Code.

Appendix A contains the complete text of Assembly Bill 162.
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Recommendations and updates from Caltrans’ June 1989 report “Prevention
of Wrong-Way Accidents on Freeways”

These following nine action items were recommended in the report to further reduce wrong-

way collisions; followed with updates:

1.

Continue the annual monitoring of wrong-way accidents. An annual review is made in the
field of off-ramps, which have been identified as entry points or are near concentrations of
wrong-way accidents. This practice should be continued. The Checklist for Wrong-Way
Entry Review, developed as part of this project, should be helpful.

Update: We currently have a Wrong-way Collision Monitoring Program Annual Monitoring
Report and Checklist that has Table A (summary of Table B) and Table B (most recent five
years of data). Both tables identify locations and ramps of wrong-way collisions on freeways
and expressways throughout California. Appendix B contains the current Caltrans
Wrong-Way Monitoring Checklist.

Conduct periodic reviews of every ramp. The systematic periodic review of the ramps for
missing or worn signs or pavement arrows, and a variety of changed conditions is very
important. The review began late last year should be expeditiously completed. Future
reviews should be scheduled on about a three to five year cycle.

Update: Annually, locations and ramps that meet minimum criteria in the wrong-way
monitoring program report are sent to the districts for review, investigation, and response.

Purchase new still camera, video, or movie camera and detector equipment.

The further systematic photographing of wrong-way vehicle entries at each ramp is not
needed. However, each district should have access to reliable equipment for those cases
where photographs or videotapes would be helpful. This equipment should be purchased by
Headquarters Traffic Operations.

Update: Caltrans’ Division of Research, Innovation and System Information (DRISI) has the
equipment and ability to monitor and detect wrong-way movement at specific ramp locations
identified by the districts.

Continue the pavement light experiment in San Diego. Definitive data on the effectiveness

of the pavement lights to prevent vehicles from entering the freeway in the wrong direction is
still needed. New movie or video cameras are needed to obtain statistically significant data.

Update: Since the 1989 report, Caltrans has completed its evaluation of the red, airport-type
pavement lights as recommended, and has ceased using them due to significant reliability
and maintenance issues.
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5. Conduct a training effort for designers. Ramp and intersection design can have a significant
effect on wrong-way entries. Training classes or instructional material should be developed
for designers, especially the new ones.

Update: Current training material for the Traffic Safety Academy includes discussions on
wrong-way sign packages and markings as part of the Signs & Marking presentation.

Several slides of the presentation stress the importance of proper signage at off-ramps and go
over wrong-way regulatory signs, their placement and consequences of wrong-way
collisions. Future training development for the CA MUTCD will include a focus on
wrong-way traffic control devices.

6. Consider edge lines or heavy bars across off-ramps. The only technique identified which has
not been previously tried or considered in California is to carry edge lines or wide painted
bars across the off-ramps. This technique should be further investigated.

Update: The use of edge lines is important in guiding motorists and identifying intersections
and are typically dropped at intersecting roadways or major driveways. The CA MUTCD
permits the use of edge line extensions through intersections in the form of a dashed line
when additional guidance is necessary, as in foggy conditions. In cases where even more
additional emphasis is desired, solid lines may be used. Unlike edge lines, placing solid lines
across the off-ramp may be construed as a limit line leading to unnecessary stops by
motorists traveling in the correct direction in the off-ramp. This may cause an increase in
rear-end collisions, as a stop is not expected without the proper traffic control device in
place, such as a stop sign or signal. Implementing such markings would first require changes
in the California Vehicle Code. Studies are currently being conducted on the use of raised
reflectors on off-ramps to warn wrong-way drivers.

7. Consider the option of using a second set of Wrong-Way and Do Not Enter signs and wrong-
way arrows further along the off-ramp. The option of using additional signs and markings on

selected ramps may give a drivers a second chance to realize that they are headed the wrong
way before they enter the freeway.

Update: CA MUTCD Section 2B.41 permits the use of additional WRONG WAY signs and
pavement arrows where a ramp intersects a crossroad in such a manner that a wrong-way
entry could inadvertently be made. Caltrans has employed using two sets of WRONG WAY
and DO NOT ENTER signs on each side of exit ramps as a countermeasure to further reduce
wrong-way collisions.

8. Contact the California Highway Patrol (CHP) regarding the wrong-way problem. The CHP
has been very helpful in the past. They should be contacted again to stress our continued

interest in identifying problem ramps.

Update: Since wrong-way collision times and locations are impossible to predict, the CHP
has been focused on combating the problem by education and enforcement. The approach is
to target those individuals who tend to become the wrong-way drivers (impaired, elderly, and
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drowsy/sleepy). CHP Communication Centers and Caltrans Transportation Management
Centers are joint facilities where staff from both departments communicate on a regular
basis. The CHP reports the theft and vandalism of wrong-way sign packages.

9. Review the Traffic and Design Manuals. Although not specially discussed in this report, both
the Traffic and Design Manuals should be reviewed to see that they reflect the latest
thinking.

Update: The CA MUTCD is periodically updated and reflects the most recent
recommendations made by the California Traffic Control Device Committee (CTCDC). As
new traffic control devices are developed or the application of existing traffic control devices
are changed, the CTCDC gives approval to conduct pilot studies of these devices. If deemed
successful, the CTCDC recommends to include these device or their new application in the
CAMUTCD. The Traffic and Highway Design Manual are updated as necessary to ensure
they are up to current standards.
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II. WRONG-WAY COLLISIONS ON CALIFORNIA FREEWAYS

1987 VERSUS 2012 DATA

Year 2012 data is the most current complete Caltrans Traffic Accident Surveillance and
Analysis System (TASAS) data available for analysis. TASAS data is no longer available for years
prior to 1995. The final report is due July 1, 2016, and will be updated with year 2013 data and
analysis. Approximately 2.9 percent of all fatal collisions on the State’s freeways and expressways
were due to wrong-way collisions in 2012, the most recent year for which comprehensive data is
available. By comparison, the 1989 report stated “Wrong-way fatal accidents account for about 4
percent of the fatal accidents on California’s freeways.” Approximately 23 fatalities annually, on
average, between 1995 and 2012, have been due to wrong-way driving, whereas the 1989 report
stated that about 35 fatalities occurred annually between 1961 and 1987. In the Sacramento region,
12 fatalities have already occurred this year due to wrong-way collisions, and have been the subject
of considerable attention from the media.

Figure 1 — Number of Fatal Wrong-Way Collisions on California Freeways and Expressways from
1995 to 2012
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Figure 2 — Fatal Wrong-Way Collisions Rates on California State Freeways and Expressways
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In 2012, approximately 0.12 fatal wrong-way collisions occurred per billion vehicle miles
traveled on California State freeways and expressways. This rate is significantly less than was
observed during the 1960s when Caltrans began taking programmatic action and is less than half of
what was observed when Caltrans last reported to the Legislature in 1989. This rate has remained -
relatively stable over recent years,
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Figure 3 - Wrong-Way Collisions Compared to All Collisions on California Freeways in 1987 and
2012
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The charts above in Figure 3 show wrong-way collisions as compared to the total number of
recorded collisions on California freeways and expressways during 1987 and 2012. About 0.24
percent of the collisions were wrong-way in 1987 whereas this percentage dropped to 0.19 percent in
2012. This represents an approximate decrease of 23.3 percent. In 2012, about 2.9 percent of all
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fatal collisions were due to wrong-way driving. From 1987 to 2012, that percent has remained
approximately the same at 3.2 percent. Wrong-way collisions still remain more severe and more

likely to result in injury or death than other types of collisions.

Table 1 below summarizes notable wrong-way collisions that occurred during 2015 in the

Sacramento and San Diego regions. The Sacramento and San Diego regions are located within
Caltrans’ District 3 (Marysville) and District 11 {San Diego), respectively.

Table 1 —2015 Wrong-Way Collisions in the Sacramento and San Diego Regions

Approx.
. i Lane U- Travel g Day # of #of
Dist. | Co. | Rte. | Direction M Entry Tumn | Distance Time Date Cause Veh. | Fatalities
(Miles)
WB in : 2:10 Sat,
3 Sac | 80 EB lane 1 N/A yes 22 am 1/10 DUI 2 3
WB off-
EB in ramp to 2:30 | Weds
g S| 90 WB lane ! Harbor no 3 am 4/22 oo 2 ¢
Blvd.
EB in 12:30 | Tues
3 Sac | 80 WB lane 1 unknown | no 1 e 512 DUI 2 3
: Sth and
3 [sac| so | WBIM | 5 IXstEB | mo | >1 |10 Sat | pyp | 3 2
EB lane pm 517
off-ramp
NB in Deer
11 [sp]| 15 SB 2 |sSprings | mo | 53 | 00| Sat | iy | o 2
am 6/20
lane Road
NB in
nsp| s | SB 1 | unknown | no | unknown | 397 | 52 | pur | 2 2
express am 52
lane
NB in Del Lago
1 |sp| 15| SB[ aa |direct no Mon. | pena, | 2 0
express access 6/22
lane ramp
SB in
11 |sp|163| NB 1 | unknown | - | Bk | g | 2 2
am 5/16
lane
EB in 1:00 Thurs
11 sSD 8 WB [ unknown - unknown ) ‘ DUI 2 2
am ;
lane 4/19
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Wrong-way collisions are those collisions that occur on divided expressways and freeways
with four lanes or more. At times, collisions that have occurred on 2-lane highways due to one
vehicle crossing over the center line have been incorrectly classified and reported to be wrong-way
collisions.

Within District 11, there were 196 reported wrong-way drivers from January 2015 through
September 10, 2015, with 8 resulting in collisions with injuries or fatalities. Eleven wrong-way
drivers were located and stopped prior to any collision occurring. There were 177 reported
wrong-way drivers that were either never located, or were not the cause any known collisions.

lll. WRONG-WAY DRIVING PREVENTION AND DETECTION,
TECHNOLOGICAL ADVANCEMENTS, AND INNOVATION

PAST RESEARCH DISCUSSION

The following discussion was taken directly from the report “Methods to Prevent
Wrong-Way Entries Onto Freeways” that was submitted to the Legislature in response to Senate Bill
233, Chapter 153, Statutes of 1987.

The problem of wrong-way driving on freeways has been intensively studied
by Caltrans (and its predecessor, the Division of Highways) since 1961, when the
CHP reported on 743 incidents of wrong-way driving. With significant portions of
new freeways being opened to traffic, immediate solutions were needed.

By 1964, a wrong-way package of signs and pavement arrows had been
developed by the Division of Highways and was being installed on California’s
freeways. The original package included 24-foot white arrows painted on the
pavement and black on white "DO NOT ENTER" signs mounted on the same posts
with white on red "WRONG WAY" signs. White on green "FREEWAY
ENTRANCE" signs at either side of the on-ramp entrances were also included. The
package was later revised with international white on red "DO NOT ENTER" signs
when they were found to be more effective. This revised package was adopted as a
national standard in 1967.

During the late 1960's, the Division of Highways installed red-backed
retroreflective pavement markers on all lane lines on freeways. These proved to be of
limited value. The red-backed retroreflective markers are now used only in the
vicinity of off-ramps as a secondary treatment.

In 1965, the Division of Highways installed parking lot spike barriers to
determine if they could be used on off-ramps to physically stop vehicles from
entering the wrong way. Unfortunately, these devices were found to be unsuitable for
the following reasons: the spikes, even when modified with a fish-hook-like shape,
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would not cause tires to deflate quickly enough to prevent a vehicle from entering the
freeway the wrong way; under high-volume traffic the spikes broke off leaving stubs
that damaged the tires of right-way vehicles; and some right-way drivers, upon seeing
the spike barriers, would apply their brakes. Also, camera surveillance of off-ramps
indicated that most wrong-way drivers quickly realized that they were entering the
freeway going the wrong-way, and took corrective action; the spike barriers
prevented that corrective action.

The state of Georgia tested a pop-up device that presented a physical curb-like
barrier to the wrong-way driver, but it was unsuitable for reasons similar to those of
the spike barriers. A recent poll of all 50 states revealed that none has found a
suitable physical barrier. Most states use a wrong-way package similar to
California's.

California tried adding horns and flashing red lights over the "WRONG
WAY" signs in the 1970's, but these were found to be ineffective, and they drew
complaints from neighbors.

In the mid-1970's, wrong-way packages were upgraded and other
improvements were made in signing, delineation, lighting, and ramp design at all
on-ramps and off-ramps. Automatic cameras were used to record wrong-way entries.
The cameras were in place for a minimum of 30 days at each of the 4,000 off-ramps
across the State. The camera surveillance indicated that, through various
improvements, wrong-way entries were reduced to low levels at 90 percent of the
ramps with previous entry problems. These improvements have been incorporated
into Caltrans’ current standard procedures.

One device that was tried did show promise. Red, airport-type pavement
lights, embedded in the pavement across an off-ramp, when activated by wrong-way
vehicles, were shown by camera monitoring to further reduce wrong-way entries.
However, Caltrans has completed its evaluation of the red, airport-type pavement
lights as recommended and has ceased using them due to significant maintenance and
reliability issues.

Since 1985, Caltrans has had a program to monitor all wrong-way collisions.
Ramps in the vicinity of wrong-way collisions, which can be identified as the entry
point of the vehicles involved, are investigated. Field reviews are conducted to make
sure that signs and pavement delineation are in good condition and that there are no
conditions which could mislead drivers. Improvements are made as appropriate.

A 1971 report on wrong-way driving concluded that drunk drivers were
responsible for three out of every four wrong-way collisions on California freeways,
and that the typical wrong-way driver had received more traffic violations, more
felony convictions, and had been involved in considerably more collisions of all types
than the average motorist.
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Another common characteristic of wrong-way drivers that complicates the
problem is that many drivers make intentional illegal U-turns on freeways. Nearly
half of all wrong-way collisions are caused by drivers who have made illegal U-turns.

The CHP has organized programs to reduce the main cause of wrong-way
fatalities—people driving under the influence. The CHP is also aware of the need to
report conditions which impair safe and efficient flow of traffic on freeways, such as
theft and vandalism of wrong-way sign packages.

As a part of the effort requested by Senate Bill 233, Chapter 153, Statutes of
1987, Caltrans conducted a special review of seven ramps in Los Angeles and
Ventura Counties thought to be susceptible to wrong-way moves. Automatic cameras
were installed at each ramp for a minimum of 30 days. The resulis were as follows:

No wrong-way moves were detected at five of the ramps.

At one ramp, one wrong-way vehicle was photographed, but no accident was
reported in the area; it is assumed that the driver recognized his error and
turned around. The wrong-way sign packages at this location were in place
and in good condition.

Five wrong-way moves were recorded at the remaining location. It is
assumed that the drivers realized their mistakes and made corrections, since
no information was recorded regarding wrong-way drivers on the freeway
during the study period. Because city-owned directional signs to a local
recreation area may have contributed to driver confusion, the city was asked
to take corrective action. Also, Caltrans placed a second set of wrong-way
signs closer to the ramp terminus, installed a no-turn sign facing westbound
traffic on the city street, and installed a one-way sign on the easterly side of
the off-ramp.

Careful attention to details in the proper positioning and maintenance of signs
and pavement arrows, frequent review of ramps, and analysis of collision records are
still the most effective steps Caltrans can take to reduce wrong-way entries and thus
wrong-way collisions.

Caltrans is re-evaluating past research results and will conduct new research into effective
detection and prevention of Wrong-Way driving in California.
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RESEARCH PLAN FOR EVALUATING THE EFFECTIVENESS OF
CALTRANS’ WRONG-WAY DRIVER PILOT PROJECTS

Wrong-way driving is a serious hazard. As noted in Assembly Bill AB 162, wrong-way
driving on state highways kills or injures numerous Californians each year, and collisions caused
by wrong-way driving on highways are more likely to result in fatal or serious injuries than other
types of collisions'. The number of wrong-way collision in the first half of 2015 appear
unusually high, particularly in Caltrans’ Districts 3 (Sacramento) and 11 (San Diego). Most of
these wrong-way collisions have been fatal. In 2015, 20 people have been killed in wrong-way
collisions in the Sacramento and San Diego areas. There is a need to assess the magnitude of the
wrong-way driving problem in California, and to evaluate the efficacy of enhancements and
technologies with the potential to reduce the number of instances of wrong-way driving on state
freeways and expressways.

With this in mind, Caltrans and the CHP began a wrong-way driver working group in
May 2015, to discuss potential options/methods to combat wrong-way drivers. The CHP
provided traffic collision information from recent wrong-way traffic collisions. Since
wrong-way traffic collision evidence shows they are not specific to any location or ramp, the
working group has proposed pilot projects in Districts 3 and 11 to install enhancements on
several off-ramps to warn drivers, and notify authorities, when vehicles enter from the wrong
direction. Active monitoring systems capable of identifying wrong-way drivers, transmitting
information to a central location, and activating local flashing beacons will be installed in a
subset of the off-ramps. Existing white and yellow, one-way retroreflective pavement markers in
the lane lines, channelizing lines, and gore areas will be replaced by two-way, white/red (W/R),
and yellow/red (Y/R) markers on all off-ramps in the study area. Appendix C provides an
example of an enhanced pavement delineation plan sheet for exit ramps.

A separate, auxiliary research project conducted by Caltrans’ Division of Research,
Innovation and System Information (DRISI) will study the effects of these enhancements. The
main objective of this research is to determine:

e The extent of the wrong-way driver problem by counting the instances of vehicles
entering the off-ramps in the wrong direction.

¢ The effectiveness of enhancements by comparing the number and behavior of wrong-way
vehicles before and after they are installed, as well as the number and behavior of
wrong-way vehicles entering a number of control off-ramps that do not receive
enhancements.

e The accuracy of the active wrong-way monitoring and warning systems installed by the
districts in a subset of off-ramps.

1 “Bill Text ~ AB 162 State highways: wrong-way driving,”
http:/leginfo.legislature.ca.gov/faces/billNavClient.xhtm!?bil_id=201520160AB162
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DRISI will work with its research contractor, the Advanced Highway Maintenance and
Construction Technology Research Center (AHMCT), at the University of California at Davis, to
develop and install zone-triggered video image processing systems (VIPS) at the subset of
district off-ramps scheduled for active monitoring system installation. These systems will also
be installed at the control off-ramps not receiving the district enhancements. Zone-triggered
video segments will be collected and initially buffered locally for off-peak hour wireless
transmission to AHMCT for subsequent off-line (non-real-time) post-processing and analysis.
The researchers will then develop statistics to quantify the wrong-way driving problem, the
effectiveness of the district enhancements, and the accuracy of the district-installed active
monitoring and warning systems. The AHMCT developed VIPS detectors will be unmarked and
inconspicuous, so they should have no effect on driver behavior.

The VIPS to be developed, installed, and monitored in this research are strictly for before
and after studies to assess the impact and effectiveness of the off-ramp marking enhancements
and the active wrong-way monitoring and warning systems. This research is 